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1. Introduct ion The measured cosmic ray energy spectrum e x h i b i t s  c l e a r  
s t r u c t u r e  ( t he  knee) a t  - 3 x l o i5  e V  ( sea  l e v e l  shower s i z e  
- 3 x 105 pa r t i c l e s ) .  Additionally,  a t  energies i n  t h i s  general  region, 
there  occur apparent changes i n  shower development such t h a t  t he  
observed cha rac t e r i s t i c s  of showers a t  t h i s  energy appear d i f f e r e n t  t o  
those cha rac t e r i s t i c s  observed a t  somewhat higher energies  ( see  eg. 
Linsley 1983). A t  energies j u s t  below t h i s  region, the cosmic ray  
anisotropy amplitude apparently begins a progressive increase  with 
energy. The l a t t e r  e f f e c t  does not  c l e a r l y  f i t  wi th  the  f i r s t  two s i n c e  
there  appears t o  be no s ign i f i can t  change exact ly  a t  the  knee. However, 
the  phase of the f i r s t  harmonic of the  anisotropy appears t o  show a 
subs t an t i a l  change j u s t  where t he  energy spectrum shows s t r u c t u r e  and i n  
the  middle of the shower development changes. The f i r s t  harmonic phase 
appears t o  change from - 18 hours R.A. t o  - 5 hours R.A. (see eg. Clay 
(1984)) as  the energy of observation moves through the knee. I n  t h i s  
paper I wish t o  examine the  l a t t e r  change i n  some d e t a i l  by taking i n t o  
account information contained i n  t h e  second harmonic of t he  anisotropy. 
2. Anisotropy measurements near the  Knee Anisotropy measurements a t  
one loca t ion  a r e  not s u f f i c i e n t  t o  def ine the t r u e  c e l e s t i a l  anisotropy 
s ince  only a l imited range of dec l ina t ions  is  observable a t  a given 
l a t i t ude .  This l im i t a t i on  is  pa r t i cu l a r ly  severe f o r  a i r  shower a r r ays  
which use s c i n t i l l a t o r s  t o  sample the electron-photon component s ince  - 
atmospheric a t tenua t ion  with increasing zeni th  angle is  severe. This 
e f f e c t  was useful  f o r  col l imat ion i n  ear ly  experiments. Available 
anisotropy r e s u l t s  a r e  therefore ,  unfortunately,  r a the r  incomplete with 
measurements being biased towards temperate l a t i t u d e s  with convenient . 
land s i t e s .  The ove ra l l  sky coverage of most experiments is  - 20" t o  
60° N and - 15O t o  40" S. A t  - 1015 eV, jus t  below the knee, t he re  i s  
a good dea l  of agreement between the  various experiments on the  observed 
phase of the f i r s t  harmonic. This is  remarkable because the  southern 
observations r e a l l y  view an independent pa r t  of t he  c e l e s t i a l  sphere t o  
t h e  northern observations. 
There is  an ambiguity i n  anisotropy r e s u l t s  presented i n  terms 
of f i r s t  harmonics. A s i ne  ,wave is  f i t t e d  t o  the da ta  i n  r i g h t  
ascension but there  is  no inforrdation on what p roper t ies  of t h i s  f o u r i e r  - 
component a r e  of physical s ignif icance.  It is not  obvious, although i t  
is  conventionally s t a t ed ,  t ha t  the phase of the  maximum of t he  f i t t e d  
wave is  physical ly  appropriate ,  unless ,  f o r  instance,  one is  in t e r e s t ed  4 
i n  searching f o r  the  superposi t ion of a number of high energy gamma ray 
sources. I n  the l a t t e r  case, the  anisotropy maximum w i l l  i nd i ca t e  a 
d i r ec t i on  with an excess of sources. However, f o r  the d i f fus ion  of 
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1. Introduction The easure  cos ic ray energy spectru  exhibits clear 
structure (the knee) at - 3 x 10 15 eV (sea level sho er size 
- 3 x 105 iti ll , at energies in this general region, 
there occur apparent changes in sho er develop ent such that the 
observed characteristics of sho ers at this energy appear different to 
those characteristics observed at so ewhat higher energies (see ego 
insley 1983). t energies j st belo  this region, the cos ic ray 
anisotropy a plitude apparently begins a progressive increase ith 
ener . The latter effect does not clearly fit ith the first t o since 
there appears to be no significant change exactly at the k . o ever, 
the se of the first har onic of the anisotropy appears to sho  a 
substantial change j t here the energy spectru  sho s structure and in 
the iddle of the sho er develop ent cha . The first har onic phase 
appears to change fro  - 18 hours . to - 5 hours R . (see ego lay 
(1984» as the energy of observation oves through the kne . In this 
paper I ish to exa ine the latter change in so e detail by taking into 
account infor ation contained in the second har onic of the anisotr . 
2. nisotropy easure ents near the nee nisotropy easure ents at 
one location are not sufficient to define the true celestial anisotropy 
since only a li ited range of declinations is observable at a given 
latitude. This li itation is particularly severe for air sho er arrays 
hich use scintil ators to sa ple the electr co ponent since 
at ospheric attenuation ith increasing zenith angle is sever . This 
effect as useful for collimation in early experi t . vailable 
anisotropy results are theref re, unf rt t l , rather inco plete ith 
easurements being biased to ards te perate latitudes ith convenient 
land sites. The overal  sky coverage of ost experiments is - 20° to 
60° and - IS° to 40° S. t - 1015 e , j st belo  the knee, there is 
a good deal of agree ent bet een the various experiments on the observed 
phase of the first har i . This is re arkable because the southern 
observations really vie  an independent part of the celestial sphere to 
the northern observati s. 
There is an a biguity in anisotropy results presented in terms 
of first har i  sine .Wave is fit ed to the data in right 
ascension but there is no information on hat properties of this fourier 
co ponent are of physical significanc . It is not obvious, although it 
is conventionally stated, that the phase of the axi u  of the fit ed 
ave is physically appropriate, unless, for instance, one is interested 
in searching for the superposition of a nu ber of high energy ga ma ray 
sources. In the latter case, the anisotropy axi u  ill indicate a 
direction ith an excess of sources. However, for the diffusion of 
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charged p a r t i c l e s ,  t he  pos i t ion  of maximum on the  c e l e s t r i a l  sphere w i l l  
give the d i r ec t i on  of the "upstream" diffusion d i r ec t i on  and t h e r e  w i l l  
be a  minimum i n  the "downstream" direction. In general,  a  p a r t i c u l a r  
dec l ina t ion  w i l l  not include both t he  upstream and downstream d i r e c t i o n s  
leading t o  an ambiguity f o r  l a t i t u d e s  which include observat ion of only 
the  downstream direct ion.  
I have pointed t h i s  out before (Clay 1984) and shown t h a t ,  on 
the basis  of the observed d i r ec t i ons  of f i r s t  harmonic maxima a t  
- 1015 eV , one might i n t e r p r e t  the  global data  a s  represen t ing  a  
d i f fu s ive  flow of cosmic rays along the  ga l ac t i c  s p i r a l  a r m .  I n  order  
t h a t  t h i s  be so,  it is  necessary t h a t ,  a t  energies below t h e  knee, t h e  
southern hemisphere phase of the  f i r s t  harmonic minimum i s  t h e  
physical ly  i n t e r e s t i ng  parameter s ince  t h i s  represents t he  d i r e c t i o n  
towards which d i f fus ion  i s  occurring. Other explanations of t he  o v e r a l l  
an i s t rop i e s  a t  these energies a r e  possible  and one suggestion has  been 
t h a t  they may be due t o  unresolved u l t r a  high energy gamma ray sources  
(Wdowczyk and Wolfendale 1983). A t e s t  between these p o s s i b i l i t i e s  
would be t o  see  whether o r  not there  is  any addi t ional  reason i n  t h e  
da ta  f o r  the f i r s t  harmonic minimum t o  appear t o  be more phys i ca l l y  
s ign i f i can t  ra ther  than the  maximum. 
I n  the d i f fus ive  model, s ince  the  s p i r a l  arm is of l im i t ed  
extent  i n  the sky, one would expect a  r e l a t i ve ly  sharp peak of t h e  
anisotropy i n  the source d i r ec t i on  and a  s imi la r  trough i n  t h e  
downstream direct ion.  In  the  gamma ray source model, only p o s i t i v e  
e f f e c t s  due t o  an admixture would be expected and no p a r t i c u l a r  sharp  
dips  or  peaks would be necessary. In  the l a t t e r  case,  one might i n  
general  expect only a  d i f fu se  excess f o r  general g a l a c t i c  d i r e c t i o n s  
unless only spec i f i c  g a l a c t i c  region contained the  most powerful 
sources. An examination of the  second harmonic can help resolve t he se  
poss ib i t i es .  
3 Inclusion of the Second Harmonic Figure 1 shows da ta  obtained by 
Farley and Storey (1954). The phase of the f i r s t  harmonic maximum i s  
indicated and it would appear t h a t  there  i s  no pa r t i cu l a r  s i gn i f i cance  
i n  t h i s  phase. The t o t a l  da ta  s e t  can be described q u i t e  wel l  wi th  t h e  
inc lus ion  of the second harmonic as  i l l u s t r a t ed .  Also, an examination 
of f igure  1 suggests t ha t  the  region a t  about 8 hours i s  l i k e l y  t o  be 
physically i n t e r e s t i ng  r a the r  than the  20 hour phase. This is i n  t h e  
v i c i n i t y  of the  minimum of t he  f i r s t  harmonic. 
Fig. 1  Data presented by &. 
Farley and Storey 1954. The 
combination of t h e i r  f i r s t  
and second harmonics a r e  
included (unnormalised) 
together  with an ind ica t ion  
(arrow) of the phase of the I 1 I 
f i r s t  harmonic maximum. Oh 6h 12h 18h 24h 
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I have examined t h e  d a t a  included i n  t h e  compilation of 
a n i s o t r o p i e s  by Linsley and Watson (1977) and have a l s o  included more 
r e c e n t  Adelaide d a t a  (Gerhardy and Clay 1983). Where appropr ia te  I have 
combined d a t a  from s i m i l a r  l a t i t u d e s  and energ ies  and have added f i r s t  
and second harmonics t o  de r ive  represen ta t ions  of t h e  o r i g i n a l  d a t a  i n  
terms of R.A. o r  s i d e r e a l  time. I then examined these  d i s t r i b u t i o n s  t o  
s e e  whether o r  no t  they sub jec t ive ly  contained a peak o r  a trough and, 
a t  what c e l e s t i a l  d i r e c t i o n  t h i s  occurred. Some r e s u l t s  of t h i s  
procedure a r e  shown i n  f i g u r e  2 wi th  peaks ind ica ted  by + and t roughs  
by -. 
Figure  2 i n d i c a t e s  t h a t  t h i s  procedure lends weight t o  t h e  
hypothesis  t h a t  t h e  cosmic ray flow below t h e  knee is  d i f f u s i v e  wi th  i t s  
source  i n  t h e  inward s p i r a l  arm d i rec t ion .  There a r e  peaks from a 
number of experiments c l u s t e r i n g  genera l ly  i n  t h a t  d i r e c t i o n  and t h e r e  
are a l s o  apparent ly  troughs i n  t h e  opposi te  d i r e c t i o n  from independent 
experiments i n  t h e  o t h e r  hemisphere. 
Fig. 2 The p o s i t i o n s  of v 0 
peaks (+) o r  troughs (-1 i n  
an i so t ropy  d a t a  a v a i l a b l e  * 
f o r  e n e r g i e s  - 1015 eV. 
At h igher  energ ies ,  t h e  s i t u a t i o n  i s  m c h  less c lea r .  It 
seems t o  me l i k e l y  t h a t  t h e  s t a t i s t i c a l  uncer ta in ty  i n  d e t a i l  of t h e  
a n i s o t r o p y  i s  such t h a t  t h e  technique cannot be used f o r  such smal l  d a t a  
s e t s  where t h e  o v e r a l l  f l u x  is  low. 
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4. Conclusions When anisotropy r e s u l t s  a r e  presented i n  terms of t h e  
phase of f i r s t  harmonic maximum, t h a t  p a r t i c u l a r  d i r e c t i o n  may no t  be # 
t h e  phys ica l ly  s i g n i f i c a n t  d i r e c t i o n  f o r  t h e  d a t a  se t .  Addit ional use  
of t h e  second harmonic can c l a r i f y  t h i s  when da ta  with s u f f i c i e n t  
s tat ist ics a r e  ava i l ab le .  It appears t h a t ,  a t  least at  1015 eV, cosmic 
r a y  an i so t ropy  d a t a  a r e  most compatible wi th  d i f f u s i o n  along t h e  g a l a t i c  
s p i r a l  arm from t h e  i n n e r  t o  o u t e r  g a l a c t i c  regions. 
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ray a isotropy ata are ost co atible ith iffusion along the latic 
spiral ar  fro  the inner to ter lactic r i
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